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Obgﬁrvaﬁipns of_elegtrbmagnetic radigtionhfrom the Crab have been
made to at least a GeV(l) and possiﬁly ag high as 10}2 eV(E’B). The_
Crab is unique amoﬁg stréng ¥-ray sources in-that the,major component
in the low energy range {1 to 10 KeV) sﬁoﬁs little or no temporal
variation;: A small (< 10% at ld‘KeV) pulseq\componeﬁt'from NFCS32 is
observed in the X-ray region; but its strength rei@tive to the constant
pompoﬁént increaées-with increasing X-ray. energy. Gamma ray observations
of the Crab in the 15 to 100 MeV range have yilelded rather uncertain
résults<with reported upper.limits (%,5) and fluxes_(6 to ;O) in éppar—
egt.or néar‘éonfliét. Sincg @heLfepofted intenéifies wefe\just margiﬁally
détectable abofe atmos?heric bgckground wifh the balloon exﬁeriments
which produced the obsefvatiOns‘reported thus far,’tbis seems under-
standable.

He?é we report ob5¢rvations of the. Crab above 35 MeV made with'the
high energy gammz ray telescope flown on SAS-2. The detecter and tech-

nigque are described in detail by‘Derdeyn&et al.‘(ll>

> and in-suﬁmary‘
ﬁy Fichtel et al, (12).
| The data were cbiained during the week of December ih—?l? 1972,
The Crab direction remeined about 5° from thelexperiment_axis, for tﬁe
entire exposure. The absolute timing accuiacy‘of the SAS—Q satellite
and the groﬁnd‘station wWa,5 sufficieﬁt.té allow sepafation of the pulsed
componént; -Becéuse of the fipite-angular resolutioﬁ of the BAS-2
éetector, an angular cone of acceptance for gamma rays must be ineluded
in the final analysig, We QSed a 6” cone f&; gaﬁma rays with measured

energies from 35 to 100 MeV and e Tor energies above 100 MeV. Appro-

priate account was taken of the portion of the flux whieh iz caleulated



on the basis of the known detector angular resolution to fall oubtside
these circles,

The arrival time of each gamma ray was compared to the radio
pulse time using predicted pulse arrival times provided by J. M. Rankin,
Arecibo Radio Observatory, and derived as d¥scribed in ref. 13, (Fig. 1).
An independent timing analysis was made using a program developed szt
GSFC based on = pulse prediction program provided by D. C. PBacker.

Notice that peaks do occcur at both the pogitions of the main and
secondary radio pulses, and that there is a constant component above
the genersl hackground from the Crab region. Although the statiztics
are limited, the probability of finding by chance sixteen gamma rays
in 2 bin where a peak wags predicted, when the average based on the
eight bins where no pesk was expected is five, iz less than 10°%*., The
probability of finding peaks of the observed size in both bins is then
extraordinarily small. Since the absolute timing uncertainty for SAS-2
was about 1 millisecond, selecting markedly smaller intervals of time
than those shown in Fig. 1 does not produce peaks of increased signifi-
cance,

The total flux of gammd rays asbove 35 MeV is egtimated to be
(15.8 + L.2)+ 10"® photons em™ sec™® and that of the pulsed component,
using bins 1 and 5 only in Fig. 1, to be (6.2 + 2.8)*107% photons em =

sec™ . The %otal flux above 100 MeV is (3.2 + 0.9)°10™® photons cm™>

sec™, and the pulsed component above 100 MeV is (2.2 + 0.7) 107% cem™®

sec™’ . These results are shown in Fig. 2, along with data from other
experiments. The unpulsed component sppears to become & progressively

smaller fraction of the total flux as the energy increases. Above



140 MeV, only a 95% confidence upper limit of 0.7+10"% photons cm™~
sec’t can be set for'unpulsed component whereas a finite flux of

! was zeen for the pulsed component.

(1.30 + 0.h6) -+ 1077 photons_;ﬁfa sec”
The situation contfasts markedly with the low energy X;ray region, where
only 10% of the radiation is pulsed (ref. 1h).

The most striking'féature of the spectral distribution of the elec-
tromagnetic radiation from the Crab between 10* and 10° eﬁ is the sghift
from a predominantly unpulsed total flux at the lower energy, to one
which is predominantly pulsed. The spectral shape of tﬁg pu}sed gmiss;on,
although dnly poorly known, can be app?oximatéd by a power law with |
enér%y Speétral index of & ~ 1 to about a Gev. Qualitatively, this picture

is consistent with the Shklovsky (15)

model of synchrotron emission from
the gpeed of light cylinder‘with:a-steady flux of much lower energy
 photohs from the region of smaller field. With a magneﬁic’field'in the
Nebulas between 10°% and 107% G one needé electrons accelerated up to
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10 - 10*2 &V to produce gammas in the 100 MeV energy region. Such

electron energies have indeed been preﬁicted in models of particle accel-
ération for the Crab pulsar. | |

It ig interesting to compare the gamma ray reéﬁlts discussed here
with those for the Vela region reported by Thompson et al. (16).. The
© gamma ray fluxes from the two regidns above 100 MéV are‘nearly equal,
the Vela £luwx being (5.0 + 1.2) + 10-% photons om sec™l. But the
Crab. spectrum in the gamma rey regpion seems to be a simple extension

of the X-ray spectrum, whereas in the cage of the Vela gource the gama,

- radiation is quite hard and substantially larger than an extension of



the X-ray spectrum o that energy region. The Vela Intensity and spectra
are congistent with the gamma radiation being the result of about 3 - 108°
ergs of cosmic ray nuclei from the Vels supernova interacting with the
local matter.

It is not inconsistent with the data from the Crab supernova also
to have released & few times 105° ergs of cosmic rays, because being
ghout four times further away, the gamma radiation from cosmic ray
interactions would be approximately 16 times less intense, assuming
the local matter density is not grossly different from 1 to 2 nuclei
crn 2. The gamma ray intensity near 100 MeV from superncva nucleonic
cosmic rays, then, would be more than an order of magnitude less than
the pulsed radiation at the present time.

B0, a consistent picture of the present data ascribes a very
different drigin to the gamma ray intensity from the Crab to that from
Vela, with the Crab gamma radiation being-due to the game mechanism
responsible for the X-ray emission and the Vela gamma radiation being

due to the nmucleonic component of the cosmic rays interacting with

the loecal matter.

The authors would like to express thelr appreciation to J. M, Rankin
of the University of ITowa and Rcbert Payne of the Arecibo National
Astronomy and.lonosphere Center for providing NP0532 prediched pulse
arrival times. We also thank D. C. Backer of GSFC for assistance in

the development of timing programs.
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Fig. 1. 'Dlstrlbutlon of gamma Tay errival time in fractions of a pulse‘
period for gamma rays above 35 MeV from the direction of NPO532.
M and § refer to the predicted main and secondary pulse times
ag determined from radio observations (Rankin, private communi-
cation).

Fig. 2. Spectrum distribution of fluxes observed from the region of the_

Crab nebula.
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0.7E"°-® pulsed flux, ref. 19

= 21.8E -®° total X-ray flux, ref. 19

N = SAS-2 total flux
® = SAS-2 pulged flux
v = ref. 17
0 o= ref. 1
Q = ref. iO
y | = raf. 7
| = ref. 6
L& = ref., 8
A = ref, @

L = ref, 18
* = ref, 14
}I. = ref, 5
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PHOTON FLUX (keV/CM> SEC- keV)
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